The oxidation of aniline or a mixture of aniline with o-toluidine and p-toluidine following Runge's original method as carefully as possible, using chloride of lime [Ca(OCl) 2 ], produces a coloured solution from which small amounts of mauveine were purified, isolated and analysed by LC-MS. The oxidation of aniline by the method of Fritsche and Beissenhirtz, using potassium dichromate and sulfuric acid, similar to W.H. Perkin's patented method, also gave small quantities of mauveine. The composition of the anilines are suggested depending upon their sources and Kekulé's comments on these early contributions are summarised.
indigo and Fritsche decomposed indigo by distillation with alkali. These methods would probably have given pure aniline free of toluidines because indigo is not methylated. Runge's aniline, obtained from coal-tar, is likely to have contained toluidines since aniline synthesised from benzene contained 10% toluidines. Zinin prepared aniline by the action of hydrogen sulfide with ammonia on nitrobenzene. This aniline would have been free from toluidines because the benzene used to make nitrobenzene was prepared by the method of Eilhard Mitscherlich (1794-1863) who, at the age of 39, had thermally decarboxylated benzoic acid with lime. 10 Aniline is electron-rich and our 19th century forefathers experimented on it with oxidants. The first was Runge in 1834 who treated aniline (or kyanol) with calcium hypochlorite [known then as chloride of lime, bleaching lime or chalk bleach, Ca(OCl) 2 ] and noticed a deep blue colour. Figure 1 is a copy of an entry in Friedrich August Kekulé's (1829-1896) Lehrbuch der Organischen Chemie, together with a translation. 11 Perkin examined the reaction in 1869.
Translation
Runge found in 1835 that aniline shows a very characteristic colour reaction when mixed with bleaching lime.
a The smallest trace of aniline produces, when mixed with a solution of hypochloric lime, a deep purple colour, which slowly changes to a dirty red. This colour reaction was the reason that Runge named aniline produced from coal tar kyanol. Soon afterwards Fritsche observed that a diluted solution of chromic acid mixed with aniline or aniline salts produced a blue-black precipitate. F. Beissenhirtz showed in 1853 that the reaction of concentrated sulfuric acid and potassium chromate with aniline or aniline salts results in a pure blue colour, which is unstable over time. The violet-blue aniline derivative produced during this reaction was studied in detail since 1856 by Perkin and produced in larger amounts. Due to its brilliant colour and the ability to stain cloth it was introduced into dye working. It is described later in the text as mauveine. Kekulé made comments regarding the work of Runge, but also on the work of Fritsche and Beissenhirtz on the oxidation of aniline. Fritsche's work, [6] [7] [8] published in 1840, treated aniline with a dilute solution of chromic acid to give a dark precipitate. The work of Beissenhirtz 13 followed (Fig. 2 ) who used the same reagents that Perkin used to make mauveine (Figs 1 and  2) . Some aniline or its salt was treated with a few drops of concentrated H 2 SO 4 and K 2 Cr 2 O 7 to give a deep blue colour.
Kekulé's account stating 'The violet-blue aniline derivative produced during this reaction was studied in detail since 1856 by Perkin' suggests that in his view Beissenhirtz made mauveine first. Kekulé describes this reaction and the product as the subject of a further study by Perkin which he had patented (Fig. 3 ).
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Discussion
There are three main types of mauveine (1) Mauveine made by Perkin's patented method which consists mainly of mauveine A, B2, B and C. 16 (2) Mauveine archived in museums in London, Manchester and New York which has a different composition and mainly consists of mauveine A and B. [16] [17] [18] (3) Mauveine known as Schunck's [18] [19] [20] or Caro's mauveine 21 which is mainly pseudo-mauveine with a small amount of mono-methylated chromophore present.
These are summarised in Fig. 4 . Perkin worked with impure aniline which contained o-toluidine and p-toluidine, so the mauveine prepared was a mixture of compounds. The fascinating historical work of the above investigators is rather close to the founding study of Perkin, but did they make mauveine? Their experimental work gives no evidence that either of them isolated and purified mauveine or developed the potential of this reaction to give a sought after, stable purple dye* for fashion. Nevertheless, it is interesting to see if they might have generated impure solutions or precipitates containing small quantities of mauveine. A series of reactions was repeated to mimic their experimental conditions as carefully as possible. The literature is old and typically, as for Perkin's work, experimental quantities are not given in the papers. It is more like a series of qualitative tests to make colour. We looked at using both pure and impure aniline, because Fritsche's aniline, made from indigo, might be pure aniline and Runge's aniline, isolated from coal tar, might contain some toluidines. Two oxidants were examined, calcium hypochlorite and potassium dichromate. Aqueous reactions were performed at room temperature for 12 h and were worked-up, which had not been done by Runge, Fritsche or Beissenhirtz but was done by Perkin. The filtered precipitates were washed with water and extracted with methanol. Prior to LC-MS the extracts were purified by chromatography. Figure 5 shows the LC-MS charts obtained for the oxidation of aniline or impure aniline with Ca(OCl) 2 and a chart for the oxidation of pure aniline with K 2 Cr 2 O 7 20 and Table 1 shows tables of relative peak integrations.
Translation Reaction with aniline
When you mix aniline, or a salt of this, even in very small amounts, on a porcelain surface, with some drops of concentrated sulfuric acid and one drop of potassium dichromate solution then the mixture will show a clear or pure blue colour, which is very different from the colour that strychnine would produce under the same circumstances. The colour, however, vanishes after some time. This reaction has been discovered by F. Beissenhirtz. Fig. 2 A copy of Beissenhirtz's paper published in 1853 13 together with the English translation.
Translation
Preparation of aniline purple following Perkin patent 26 Aug. 1856. A cold diluted solution of sulfuric acid containing aniline (prepared from over-thecounter available toluidine containing aniline or aniline oil) is mixed with a cold diluted solution of acidic potassium chromate solution and left standing for several hours. *Purple dye dates back into antiquity and was described in a recent exhibition 'Storms, War and Shipwrecks', Ashmolean Museum, Oxford, July 2016. The Phoenicians on the far eastern shore of the Mediterranean, 1550-300 years BC, sailed west to Sicily and as far as Spain and were nicknamed the 'purple people' by the Greeks, owing to a purple dye they extracted from seashells. The dye, Tyrian purple, was named after the city of Tyre. In summary, mauveine was found in all the reactions we examined this way, but only in small quantities. Figures 5(i) and 5(iv) are typical analyses for pseudo-mauveine. The yield of pseudo-mauveine is always low, but even so after purification solutions with a purple colour were formed using pure aniline as reagent. The use of calcium hypochlorite as oxidant of a mixture of aniline and o-and p-toluidines gave a complex mixture of mauveine chromophores [ Fig. 5(ii) ], but the yield is no better than using potassium dichromate. When p-toluidine was replaced with p-toluidine hydrochloride, the product mixture [ Fig. 5(iii) ] was similar to that obtained by Perkin's patented method. This reaction illustrates how a change in pH changes the product composition. The tables of relative peak integrations are included for scrutiny.
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which is rich in pseudo-mauveine. 2, 19 We previously repeated the copper chloride oxidation of aniline hydrochloride making pseudo-mauveine. 20 Runge's use of aniline hydrochloride (or kyanol hydrochloride) makes it probable that he generated small amounts of unpurified mauveine solutions using three different oxidants. The experimental details are typically vague in these early recipes. However, the literature may be correct in attributing the first origins and attempts towards coal-tar colours to an earlier time. 22 Experimental CAUTION: The reaction of aromatic amines with Ca(OCl) 2 is exothermic. If they are mixed neat the mixture gets roasting hot and fumes.
LC-MS was performed on a MAXIS II UHR-TOF LC-MS System from Bruker UK Ltd.
In each reaction mauveine is easily observed by thin layer chromatography after purification using sec-butanol/EtOAc/H 2 O/ HOAc (60:30:9.5:0.5) as eluent. 
Conclusion
The oxidation of pure and impure aniline with calcium hypochlorite has been repeated and shown to produce small amounts of mauveine. It is probable that early studies on the oxidation of aniline by Runge, Fritsche and Beissenhirtz, prior to Perkin's discovery, did produce small quantities of impure mauveine which was not purified or characterised from a plethora of other by-products. The significance of the reaction was not recognised until Perkin prepared mauveine following a work-up procedure to isolate and purify the mauveine and test its affinity for silk. Initially this was small scale work but was soon scaled up to a commercial synthesis helped by the availability of aniline from chemical synthesis. 2, 14 Runge also studied aniline hydrochloride oxidation on a porcelain plate with potassium dichromate or copper chloride as oxidant, 22 which was later used in the Dale and Caro method for making Schunck's or Caro's mauveine from aniline hydrochloride,
